(dispersion parameter in Gaussian double GLM with copper as explanatory variable: χ 2 = 1 22.85, df = 1, P < 0.001), demonstrating selection against high as well as low 2 siderophore-producing taxa (Fig. 1A) . Moreover, genera producing relatively large 3 amounts of siderophores in non-polluted compost microcosms displayed lower 4 production in copper-polluted compost, and vice versa for low siderophore-producing 5 taxa (copper × genus interaction in 2-way ANOVA: F 5, 170 = 2.87 and P = 0.02; Fig. 1B) . 6
While selection against high levels of siderophore production could be a 7 consequence of interspecific exploitation, this may also result solely from intraspecific 8 exploitation or even not be driven by social interactions at all. To determine if 9 interspecific exploitation shapes selection for siderophore production, we carried out all 10 possible pairwise competitions between ten random compost isolates (i.e. isolated from 11 experimental compost communities) spanning the observed continuum of siderophore 12 production (Table S1), as well as growing each in isolation. By conducting all possible 13 pairwise combinations, we tested for the effects of siderophores per se over and above 14 any other competitive differences between isolates. In copper-contaminated compost, 15
isolates that produced relatively large amounts of siderophore grew better in isolation 16 than in competition, whereas non-or low-producing isolates benefitted from the presence 17 of other taxa (linear model on m competition -m isolation : F 1, 88 = 10.95, P = 0.001 for main 18 effect of siderophore production; Fig. 2A ). This demonstrates that high siderophore-19 producing taxa were exploited by low siderophore-producing taxa. The relationship 20 between siderophore production and relative fitness in the presence versus absence of 21 competitors was not significant in non-polluted compost, where the importance of 22 siderophores as an interspecific public good is likely to be greatly reduced (linear model: 1 F 1, 88 = 0.05, P = 0.82; Fig. 2B ). 2
The above findings demonstrate that interspecific exploitation imposes selection 3 on siderophore production, and that this can result in selection against high siderophore-4 producing taxa. Given that microbial evolution can occur on time scales concomitant with 5 changes in community composition, we hypothesised that interspecific exploitation could 6 result in selection for lower siderophore production in initially high-siderophore 7 producing taxa in these communities. To test this, we conducted a similar experiment to 8 our original study (17) but this time also followed the evolution of a focal taxon, 9
Pseudomonas fluorescens SBW25 (26). This common soil bacterium produces a range of 10 siderophores (27) known to chelate metals other than iron (28). 11
Changes in community-wide siderophore production in response to copper 12 addition were qualitatively the same as we found before (17), with copper resulting in 13 greater mean (LME with copper as fixed effect and random intercepts fitted for individual 14 microcosms: χ 2 = 7.16, df = 1, P = 0.007; Fig. 3A ), but lower variation in siderophore 15 production (Gaussian double GLM: χ 2 = 14.40, df = 1, P < 0.001, Fig. 3B ). Copper-16 mediated shifts in siderophore production were also associated with compositional 17 changes in the microbial assemblage (PERMANOVA: F 1, 10 = 6.26, P = 0.003, R 2 = 0.38; 18 multivariate dispersion: F 1, 10 = 0.05, P = 0.82; Fig. 3C ), such that copper favoured 19 microbial taxa that on average produced larger amounts of siderophore ( Fig. 3D ). 20 P. fluorescens -initially a very high siderophore-producing species -evolved to 21 produce significantly less siderophore in copper-polluted compost ( Fig. 4 ). However, 22 evolutionary trajectories of P. fluorescens were the same whether the natural community 23 was present or absent (LME: χ 2 = 1.63, df = 1, P = 0.02 for main community effect), with 1 copper consistently reducing mean siderophore levels (χ 2 = 10.56, df = 1, P < 0.001 for 2 main copper effect: Fig. 4A-B ). There are a number of interpretations of this finding. 3 First, P. fluorescens siderophore production is not driven by exploitation, but may simply 4 have been higher than needed to detoxify the environment. Second, exploitation occurred, 5 but it is entirely driven by exploitation within species. These interpretations do not invoke 6 interspecific exploitation, but the absence of an effect of interspecific exploitation on 7 siderophore evolution seems surprising given its strong effect on ecological selection 8 ( Fig. 3) . 9
A third interpretation is therefore that intraspecific exploitation compensates for 10 interspecific exploitation when other species are not present. Given the community-wide 11 nature of the public good, exploitation by competitors can theoretically have the same 12 evolutionary consequences on a focal population regardless of whether the exploitation is 13 by the same or different species (20). We hypothesised that in the presence of the 14 community, P. fluorescens siderophore producers were exploited by both other taxa and 15 evolved P. fluorescens, while in the absence of the community the greatly increased 16 density of P. fluorescens ( Fig. S1 ) resulted in comparable levels of exploitation from 17 conspecifics alone. 18
To determine whether or not intra-and interspecific exploitation played a role in 19 shaping P. fluorescens evolutionary trajectories, we conducted a series of short-term 20 (week-long) growth rate assays of wild-type SBW25 and an isogenic pyoverdine knock-21 out mutant strain (29) in copper-polluted compost. This mutant does not produce the 22 main siderophore pyoverdine (which reduces total siderophore production to 21% of the 23 wild-type), and displays levels of siderophore production similar to the average compost 1 community member. In the absence of the community, the P. fluorescens wild-type and 2 mutant grew equally well as monocultures ( Fig. 5A ), demonstrating that there is no 3 abiotic selection against high siderophore production. However, the pyoverdine mutant 4 outcompeted the wild-type in co-culture in a frequency dependent manner (growth rate: 5 F 2, 56 = 31.67, P < 0.001 for strain × frequency interaction; selection coefficient: F 2, 27 = 6 179.87, P < 0.001 for effect of frequency; Fig. 5B ). Such dynamics are indicative of 7 intraspecific exploitation of high siderophore producers (10, 35). We next determined 8 how the producer and mutant each independently fared in the presence versus absence of 9 the community. As above, in the absence of the community the siderophore producing 10 wild-type and pyoverdine mutant grew equally well as monocultures (Fig. 5C ). The 11 presence of the community did not notably affect the growth rate of the mutant, 12 suggesting little or no net exploitation of detoxifying siderophores by other community 13 members. By contrast, the growth rate of the wild-type was markedly reduced by the 14 community, strongly suggesting exploitation of its siderophores (2-way ANOVA: social 15 background × strain = F 1, 39 = 9.42, P < 0.01; Fig. 5C ). As a net result, the wild-type had a 16 significantly lower fitness compared to the mutant when growing together with the 17 natural compost community (ANOVA: F 1, 19 = 12.65, P < 0.01; Fig. 5D ). Taken together, 18 these results suggest both intra-and interspecific exploitation played an important role in 19 driving the evolution of reduced siderophore production in P. fluorescens. 20
To conclude, we show that interspecific exploitation plays a key role in shaping 21 community-wide levels of public goods, selecting for and against microbial taxa that intraspecific) exploitation plays a key role in the driving within-taxon evolutionary 1 changes. While both ecological and evolutionary processes operate over similar time 2 frames, we anticipate that evolutionary effects resulting from interspecific interactions 3 will become increasingly important relative to ecological selection once community 4 composition has reached equilibrium. Indeed, this is precisely the scenario envisaged by 5 the Black Queen Hypothesis (14), where selection favours intermediate levels of public 6 goods because of differential benefits and selection to lose traits as a result of 7 interspecific exploitation. Given that microbial public goods with community-wide 8 benefits are extremely common (10, 30), our results suggest interspecific exploitation 9 likely plays a key role in shaping microbial community composition and evolution in 10 nature. 11 12 material availability: Sequences have been deposited as ENA Project PRJEB29924 1 (https://www.ebi.ac.uk/ena/data/search?query=PRJEB29924). Experimental data will be 2 uploaded on Dryad. 3 4
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Table S1 -Siderophore production of compost isolates used in pairwise competitions. 7 Table S2 -Pairwise treatment contrasts accompanying Figure 5 in the main text. 8 Figure S1 -The effects of copper and interspecific competition on Pseudomonas 9 fluorescens population densities following six weeks of evolution. 
